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Cerebral mucormycosis in man is an unusual, generally fatal, fungus infec-
tion, occurring chiefly in patients with diabetic acidosis. Clinically, the
infection is characterized by unilateral ophthalmoplegia and meningoen-
cephalitis. At autopsy the orbital tissues, meninges, and brain are invaded
by fungus. Involvement of the paranasal sinuses has been noted in a few
instances. In the past the fungus had not been isolated by culture and was
classified as Mucor on the basis of its morphology in histologic prepara-
tions. The phycomycete Rhizopus oryzae of the order Mucorales has re-
cently been isolated at autopsy in this laboratory from a diabetic patient
who died with this infection. The clinical aspects of this unusual disorder,
the autopsy findings, mycologic studies, and a review of the literature have
already been reported.' The lesions of cerebral mucormycosis were repro-
duced experimentally in diabetic rabbits infected with several species of
fungi of the order Mucorales.
MATERIAL AND METHODS
Details concerning all data are shown in Tables 1 and 2.
Experimental diabetes was produced in male rabbits ranging from 2,000 to 3,600 gm.
in weight by intravenous injection of alloxan in doses of 200 mgm. per kilogram body
weight. The alloxan was dissolved in normal saline to a concentration of 20 mgm. per
cc. Following the administration of alloxan, three to four injections of 15-20 cc. of
10% glucose in distilled water were given intraperitoneally at two-hour intervals to
counteract hypoglycemia induced by the release of insulin. The presence of diabetes
was ascertained daily throughout the experiment by the appearance of sugar and
acetone in the urine and by blood sugar levels determined by the micro-method of
Nelson.2 Appreciable hyperglycemia appeared within 48 to 72 hours after injection of
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alloxan at which time the animals were infected by intranasal instillation of 1.5 cc. of
a suspension of fungus spores in saline. The suspension was prepared from sporangia
obtained by growing the fungus in tubes of Sabouraud-dextrose agar incubated at
250 C. for seven days. Sporangiospores were liberated by covering the culture with
sterile physiologic saline and disrupting the sporangia by vigorously rubbing the
growth with a heavy needle. The saline suspensions of spores from several tubes were
pooled and freed of mycelial and sporangial fragments by filtration through a double
layer of sterile gauze.
DIABETIC RABBITS INFECTED WITH RHIZOPUS ORYZAE
TABLE I
In other experiments which yielded similar results and are to be reported later the
spore suspensions were standardized to give a light transmittance of 35% on a Coleman
Universal Spectrophotometer (Model 14) set at a wave length of 600 m,u.
The animals were sacrificed moribund or autopsied within two hours post-mortem at
time intervals ranging from 5 to 168 hours after infection. Complete autopsies were
performed and the tissues fixed in Zenker's fluid with 5% glacial acetic acid and in
10% formalin. Histologic preparations were made from all tissues and stained rou-
tinely with hematoxylin-phloxine and with the Gram and the Giemsa method where
lesions were present. Tissue fragments from the nose, lung, and spleen of all animals
infected with Rhizopus oryzae were planted in thioglycollate broth and on Sabouraud-
dextrose agar. Fungus cultures only were taken from the remaining three groups.
Controls consisted of normal, non-diabetic male rabbits infected with aliquots of the
spore suspensions. A control was sacrificed with each diabetic animal.
The first group consisted of nine diabetic and nine normal rabbits infected with
Rhizoputs oryzae. The second group, consisting of three diabetic and three control
animals, was infected with Rhizopus arrhizus. The third group of three diabetic and
two control animals was infected with Absidia ramosa, and the fourth group, composed
of three diabetic and three control rabbits, was inoculated with Absidia corymbifera.
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RABBIT BLOOD URINE URINE SURVIVAL FUNGUS LESIONS REMARKS
NUMBER SUGAR SUGAR ACETONE HOURS NOSE BRAIN
725 3+ 4+ 2+ Tr. 168 _
726 - 4+ 4+ 0 4+ 45 + -
728 490 434 4+ 4+ 0 4+ 30 +
729 490 3+ Tr. 5 -
734 466 470 4+ 4+ 0 4+ 55 + ?
741 416 650 4+ 4+ 4+ 4+ 42 + + BRONCHOPNEUMONIA NEPHRIrrIS
743 406 4+ 4+ 44 4+ 18 + -
744 406 422 4+ 4+ 4+ 4+ 41 + +
745 436 4144 3+ 4+ 0 2+ 71 + + BRONCHOPNEUMONIA
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These species of Mucorales had all been isolated from patients with mucormycosis and
were given to us by Dr. Libero Ajello,* Chief, Mycology Section, Communicable
Disease Center, Department of Health, Education and Welfare, Chamblee, Georgia.
RESULTS
Nearly all animals treated with alloxan developed a picture closely
resembling diabetic acidosis and coma in man. Hyperglycemia, glycosuria,
OIABETIC RABBITS INFECTED WITH OTHER MUCORALES
TABLE II
acetonuria, hyperlipemia, dehydration, and Kussmaul respiration were
present.
The incidence and distribution of fungus lesions among the diabetic
rabbits are shown in Tables 1, 2, and 3. Nasal lesions were present in seven
animals of the first group (Rhizopus oryzae), in all three rabbits of the
second (Rhizopus arrhizus) and third (Absidia ramosa) groups, and in
one of the fourth (Absidia corymbifera) group. Meningoencephalitis oc-
curred three times in the first, twice in the second, and once each in the
third and fourth groups. Bronchopneumonia was encountered in three ani-
mals infected with Rhizopus oryzae and with Absidia ramosa, and in one
rabbit among those inoculated with Rhizopus arrhizus and Absidia coryrn-
bifera. Nephritis was found twice in the first and once in the second group.
*We are indebted to Dr. Ajello for making these fungi available to us and for
preparing the spore suspensions.
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RABBIT BLOOD URINE URINE SURVIVAL FUNGUS LESIONS REMARKS
NUMBER SUGAR SUGAR ACETONE HOURS NOSE IBRAIN
RHIZOPUS ARRHIZUS
760 1465 697 4+ 4+ 2+4+ 18 tBRON-HOPNEUMN
761 1452 538 4+ 4+ 4+ 2+ 46 +
766 1438 4414+ 4+ Tr. 4+_ 35 + 14+
ABSIDIA RAMOSA
1757 442 499 4+ 4+ Tr. 4+ | 22 + + BRONCHOPNEUMONIA
75 8 661 4+ 4+ 4+ 4+ 1 0 1+.
759 438 492 4+4+l Tr. 4+ 12 +
ABSIDIA ORYMBMIFERA
1753 1260 554 0 3+ 0 Tr. 70
755 1460 535 0 3+0 4+ 51 _ _
756 1506 608 4+ 4+ 4+ 4+ 20 [+ + BRONCHOPNEUMONIAYALE JOURNAL OF BIOLOGY AND MEDICINE
The results of infection in the non-diabetic control animals as compared
with the diabetic rabbits are listed in Table 3 and show the occurrence of
minimal nasal lesions in one animal of each group except the third.
Bacterial cultures from the nose were noncontributory, yielding a wide
variety of microorganisms from both diabetic and control animals. All but
two diabetic and two non-diabetic rabbits had positive fungus cultures from
INCIDENCE AND DISTRIBUTION OF LESIONS IN
DIABETIC AND NON- DIABETIC RABBITS
TABLE IU
the nose. Lung cultures for fungus were positive in 9 of 18 diabetic animals
and in 11 of 16 controls.
In the diabetic rabbits the nasal lesions showed ulceration of the mucosa
(Fig. 1) covered by purulent exudate composed of necrotic epithelium,
polymorphonuclear leukocytes, which frequently showed signs of degenera-
tion, many large branching aseptate hyphae (Fig. 2), and a wide variety of
gram positive and gram negative bacteria. The adjacent tissues displayed
coagulation necrosis with a mild peripheral infiltration of polymorphonu-
clear leukocytes. The necrosis and its attendant inflammation extended be-
yond the soft tissues and produced osteomyelitis of the nasal bones and
the base of the anterior cranial fossa (Fig. 3). Many hyphae were seen
singly or in aggregates throughout the involved tissues. Individual mycelia
were present in capillaries. Fungus commonly invaded the walls and
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Nosol Meningo Broncho
RHIZOPUS ORYZAE lesions encepholitis pneumonia Nephritis
9 DIABETIC RABBI 7 3 2
9 NORMAL RABBITS I 0 0 0
RHIZOPUS ARRHIZUS
3D/ABET/C RABBITS 3 2 / /
2 NORMAL RABBITS 1 0 0 0
ABSIDIA RAMOSA
3 DIAsBrTC RAeBIrs 3 3 O
3 NORMAL RABBITS 0 0 0 0
ABSIDIA GORYMBIFERA
3D/ABET/C RABBITS I / / 0
3 NORMAL RABBITS 1 0 0
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FIG. 1. Diabetic rabbit. Nasal mucosa with ulceration and acute inflammation.
Several hyphae (arrows) are visible among the exudate and in the tissue. Giemsa, x90.
FIG. 2. Diabetic rabbit. Inflamed nasal mucosa with many large aseptate branching
hyphae of Rhizopus oryzae. Giemsa, x190.
FIG. 3. Diabetic rabbit. Necrotic bone with many hyphae (center). Giemsa, x200.
FIG. 4. Diabetic rabbit. A vessel in nasal mucosa with hyphae in wall and lumen.
Giemsa, x215.
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4 ItFIG. 5. Diabetic rabbit. Branch of olfactory nerve in nasal mucosa. Several mycelia,
one branching, in nerve trunk and surrounding tissues. Giemsa, x220.
FIG. 6. Diabetic rabbit. Infiltration of leptomeninges and cerebral cortex by many
hyphae. Note the affinity of the fungus for the blood vessels and the necrosis of the
cortex. Giemsa, x80.
FIG. 7. Diabetic rabbit. Vessel of infarcted cerebral cortex. Hyphae occlude the
lumen and invade the wall. Giemsa, x470.
FIG. 8. Diabetic rabbit. Several hyphae without cellular injury or response in peri-
vascular spaces of cerebral cortex. Giemsa, x215.pv}}te.- 4*
FIG. 9. Diabetic rabbit. Infarcted lung with little inflammatory reaction but many
hyphae in parenchyma and bronchus. Note thrombus containing hyphae in pulmonary
vein branch (arrows). Giemsa, x90.
FIG. 10. Diabetic rabbit. Bronchus invaded by hyphae. A branch of a mycelium
(arrows) in the bronchial wall penetrates into the bronchial lumen. Giemsa, x200.
FIG. 11. Diabetic rabbit. Hyphae in an infarcted glomerulus and in several peri-
tubular capillaries. Giemsa, x220.
FIG. 12. Non-diabetic rabbit. An entire lesion in the nasal mucosa is shown. Note
the marked leukocytic reaction. Hematoxylin-phloxine, x200.
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FIG. 13. Non-diabetic rabbit. The center of the lesion shown in Figure 12 contains a
few spores (arrows). Hematoxylin-phloxine, x450.
FIG. 14. Diabetic rabbit. A branching mycelium in media of pulmonary artery branch
in the process of penetrating the intima. Giemsa, x200.
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lumens of blood vessels (Fig. 4) and occasionally a mycelium was seen in
the media penetrating the intima and to extend into the lumen. Similar but
less extensive growth of hyphae was found in branches of the olfactory
nerve (Fig. 5). The invasion of blood vessel walls and nerve trunks was
often unattended by any cellular response.
The cerebral lesions involved the inferior aspects of the frontal lobes and
the optic and olfactory nerves. The leptomeninges and cerebral cortex were
invaded by many mycelia (Fig. 6). A slight infiltration by polymorpho-
nuclear leukocytes, many of which appeared to be degenerating, was present
in the leptomenihges and to a lesser extent in the cortex. The latter showed
early necrosis which appeared to result from extensive involvement of the
blood vessels by fungus. Mycelial masses intermingled with strands of
fibrin and polymorphonuclear leukocytes occluded the vascular lumens, and
the vessel walls were also heavily invaded by hyphae (Fig. 7). Isolated
mycelia without signs of associated cellular injury or response were fre-
quently present in the perivascular spaces of the brain (Fig. 8).
The lungs showed foci of bronchopneumonia and infarction. The smaller
lesions were fairly well circumscribed and consisted of a few hyphae sur-
rounded by moderate numbers of polymorphonuclear leukocytes many of
which showed pyknosis of the nuclei and karyorrhexis. A few large mono-
nuclear cells were also present. The larger lesions which sometimes involved
the pleura were ill-defined areas of necrosis with many mycelia (Fig. 9).
Scattered polymorphonuclear leukocytes, again showing signs of degenera-
tion, were present throughout the lesion without forming a line of demarca-
tion. Blood vessel invasion and occlusion by the fungus were prominent and
involved branches of the pulmonary artery and veins. Throughout the
parenchyma occasional septal capillaries contained isolated hyphae unat-
tended by cellular response. Extensive growth of the fungus was found in
many bronchi where it involved the walls and lumens. In several instances
mycelial branches penetrated through the bronchial wall and mucosa into
the lumen (Fig. 10). No definite bacteria were identified in the lesions.
The renal lesions consisted of multiple foci of necrosis. These were
located chiefly in the cortex and at the cortico-medullary junction and only
rarely involved the medulla. The lesions were clearly the result of capillary
obstruction by hyphae producing areas of infarction in which the fungus
proliferated (Fig. 11). Various stages of the process were seen in the
glomeruli in which one or several capillaries were occluded by mycelia with
necrosis of the remaining loops. Some hyphae were encountered free in the
capsular space. Mycelia were also found in the peritubular capillaries, either
without evidence of cellular injury and response, or producing small in-
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farcts with disruption of the adjacent tubules. Extension of mycelia from
these foci into tubules was noted. An occasional mycelium was found free
in the lumen of an interlobular artery. The lesions showed no appreciable
hemorrhage and only slight leukocytic response. Degenerative changes were
seen in most of the polymorphonuclear leukocytes.
Lesions in the non-diabetic control animals were confined to the nasal
mucosa and consisted of a few, minute, circumscribed foci of ulceration sur-
rounded by a marked infiltration with normal appearing polymorphonuclear
leukocytes (Fig. 12). The lesions did not involve the tissues beyond the
submucosa. Rare spores, often degenerating in appearance, were present in
the center (Fig. 13). There was no involvement of blood vessels.
DISCUSSION
The lesions produced experimentally by the intranasal instillation of
spore suspensions of fungi of the order Mucorales in rabbits with alloxan-
induced diabetes closely resemble those of cerebral mucormycosis in man.
The infection was readily established by this method. As already suggested
by observations in patients, the nose and paranasal sinuses can be the portal
of entry. Our findings show that when the infection is established in the
nasal mucosa, it rapidly extends to the adjacent tissues, including the bone,
and finally spreads to the leptomeninges of the frontal lobes of the brain.
Invasion of the optic and olfactory nerves is another pathway by which the
process reaches the brain. Invasion of blood vessel walls, associated some-
times with thrombosis, seems to account for many of the morphologic and
clinical manifestations and for the dissemination of this infection. Much of
the necrosis at the primary site of infection in the nasal mucosa appears
related to vascular occlusion. The renal lesions clearly result from hyphae
trapped in small vessels, producing infarcts in which the fungus proliferates.
The origin of these mycelial emboli from pulmonary lesions in which the
fungus has invaded the pulmonary veins was readily demonstrable. The
fungus probably reaches the lungs by aspiration, although hematogenous
lesions produced by emboli from infected veins of the nasal regions or skull
are quite likely. Vascular obstruction secondary to fungus invasion of
branches of the pulmonary artery plays a definite part in the progression of
pulmonary lesions. Infarction resulting from involvement of the lepto-
meningeal vessels accounts for the changes in the cerebral cortex. These are
enhanced by the proliferation of the fungus in the infarcted areas with fur-
ther invasion and occlusion of cortical vessels. Mycelial emboli to distant
parts of the brain have not been observed in the experimental animals
although they are known to occur in patients when the intracranial portion
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of the internal carotid artery is involved. All lesions of the diabetic rabbits
were incompletely demarcated by a mild inflammatory reaction. This con.-
sisted almost entirely of polymorphonuclear leukocytes most of which
showed pyknosis of nuclei and karyorrhexis.
The affinity of the fungus for arteries and veins is striking in both human
and experimental infection but the reason remains obscure. The direct
effects of the fungus on cells and tissues other than those related to vascular
obstruction are as yet undetermined. The mycelia are often seen growing in
tissues which show no signs of injury or cellular response. Actual penetra-
tion of apparently intact vessels (Fig. 14) or bronchial walls is frequently
observed.
Among the nine diabetic rabbits inoculated with Rhizopus oryzae two
failed to show lesions. One of these died five hours after inoculation, prob-
ably too early to develop lesions. The other, one of the first animals in the
study, was sacrificed 168 hours after inoculation. In this animal marked
acetonuria was not sustained. We have no explanation for the absence of
lesions in two of the three animals infected with Absidia corymbifera.
The changes in the non-diabetic rabbits differed greatly from those of the
diabetic animals. The lesions were few in number and of minute size sur-
rounded by many polymorphonuclear leukocytes which showed no unusual
degree of degenerative changes. Rare spores but no hyphae were present in
these lesions. There was no spread to bone or brain and no pulmonary or
renal involvement.
Rhizopus oryzae and the other Mucorales used in this study are ubiqui-
tous saphrophytes which under certain unknown circumstances acquire the
ability to invade tissues and spread through the body. The presence of bac-
teria in the nasal lesions of man and experimental animals suggests the
possibility that these microorganisms may play a part in establishing the
primary focus of infection. The absence of bacteria in the cerebral and renal
lesions indicates, however, that these organisms are not necessary for the
systemic dissemination of the fungus. From our experimental findings and
observations in patients it is obvious that the metabolic alterations of dia-
betes mellitus are of signal importance in the pathogenesis of this infection.
Mucormycosis has, however, been encountered in systemic and localized
disorders which are not associated with diabetes such as leukemia, other
malignancies, severe burns, infantile diarrhea, and antibiotic therapy.! The
distinct differences in the pathogenicity of these fungi in diabetic and nor-
mal animals offer an opportunity to study the relationship of host metabo-
lism to infection. Studies are in progress to determine the metabolic factors
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which play a part in the pathogenesis of mucormycosis by either changing
the virulence of the agent or altering host resistance.
SUMMARY
Our present findings show that cerebral mucormycosis can be produced
experimentally in rabbits with various fungi of the order Mucorales and
that the paranasal sinuses can be the portal of entry. Invasion of blood ves-
sels by the fungus accounts for much of the spread of the infection and for
some but not all morphologic aspects of the lesions. The inflammatory re-
action was diminished in intensity in the diabetic rabbits with most of the
polymorphonuclear leukocytes showing degeneration. Metabolic alterations
such as are associated with diabetes mellitus appear to be an essential factor
in the pathogenesis of this disorder.*
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